Campylobacter hyoilei sp. nov. is the name proposed for an organism formerly described as strain RMIT 32AT (T = type strain) and a group of similar bacteria isolated from intestinal lesions of pigs with proliferative enteritis. The phenotypic characteristics of these organisms indicated that they are closely related to each other and are not strains of other Campylobacter spp. commonly isolated from pigs. The results of probing of CLaI-, EcoRV-, or BglII-cleaved genomic DNAs from C. hyoilei strains with a radiolabeled DNA probe that distinguishes between Campylobacter jejuni and Campylobacter coli indicated that C. hyoilei and C. coli are closely related. However, the 16s rRNA sequence of the reference strain of C. hyoilei, RMIT 32AT, was four bases different from the 16s rRNA sequence of C. jejuni CCUG 11284T and five bases different from the 16s rRNA sequence of C. jejuni subsp. doylei CCUG 24567T, suggesting that C. hyoilei is more closely related to C. jejuni than to C. coli. Hybridization between DNA from C. hyoilei type strain RMIT 32A and DNAs from selected type and reference strains of other Campylobacter species and subspecies, including C. jejuni, C. jejuni subsp. doylei, C. coli, Campylobacter mucosalis, and Campylobacter hyointestinalis, as well as the other C. hyoilei strains (the RMIT 32AT-like isolates), revealed that high levels of DNA hybridization (>70%) occurred only between the reference strain and other strains of C. hyoilei.
Many
Campylobacter species have been shown to be pathogenic for humans and animals. Campylobacter mucosalis (formerly Campylobacter sputorum subsp. mucosalis) (21) and Campylobacter hyointestinalis (8) are two Campylobacter species that have been isolated from intestinal lesions of pigs with porcine proliferative enteritis (PPE). Unfortunately, oral inoculation of conventionally reared crossbred pigs with pure cultures of these organisms failed to produce symptoms or pathology consistent with PPE.
The isolation of another Campylobacter strain, strain RMIT 32AT (T = type strain), from lesions in the terminal ileum of a pig with PPE and the subsequent reproduction of the disease in crossbred pigs by using pure cultures of strain RMIT 32AT confirmed that this organism is a causative agent of PPE (2) . RMIT 32AT-like organisms have been isolated from pigs with clinical PPE in other piggeries. They have also been isolated from pigs that exhibited symptoms of clinical disease only after in-feed medication was removed from their rations. This suggests that the organism may be endemic in many herds, with clinical disease occurring only when the in-feed medication is removed or loses its effectiveness against the organism (1) .
Although RMIT 32AT has been implicated as a causative agent of PPE, other organisms have also be associated with the PPE disease complex. An intracellular bacterium recently isolated from pigs (7, 12, 16) and from ferrets and hamsters (3) has also been implicated as an intracellular campylobacter-like organism that is involved in PPE. McOrist et al. (15) grew this intracellular campylobacter-like organism in IEC 18 rat enterocytes and were able to produce proliferative ileal lesions in conventional pigs but not in germfree pigs. Furthermore, it has been suggested that the presence of Chlamydia trachomatis in hamsters (6) and in ferrets (5) with proliferative ileitis may also play a role in disease production.
In this paper, we propose that strain RMIT 32AT and RMIT 32AT-like pig isolates 1 through 11 should be named Campylobacter hyoilei sp. nov. on the basis of their G+C contents, phenotypic characteristics, hybridization with a species-specific DNA probe, 16s rRNA sequence comparison data, and DNA-DNA hybridization data.
MATERIALS AND METHODS
Bacterial strains. The sources of Campylobacter hyoilei RMIT 32AT and the RMIT 32AT-like isolates obtained from pigs with PPE and used in this study are shown in Table 1 Penner 6 were typed by the Penner typing method, and the species assignments of these strains were confirmed by whole-chromosome DNA-DNA hybridization. Campylobacter hyoilei strains were isolated as previously described (2) . The strains were grown on Skirrow medium or horse blood agar in an atmosphere containing 50% H, and 50% C 0 2 at 37°C.
Phenotypic characteristics. The data in Table 2 were obtained by using previously described methods (17) .
G+C content. The G + C content of DNA was determined by the thermal denaturation method, as described previously (13) .
Electron microscopy. Cells were negatively stained with 1% phosphotungstic acid (pH 6.5) for 20 to 30 s. Specimens were examined with a JEOL model JEM-1200EX transmission electron microscope operating at 100 kV.
Antibiotic susceptibility. Antibiotic susceptibilities were determined in two ways. (i) The surfaces of blood agar plates were inoculated with Campylobacter hyoilei strains, antibiotic discs were placed on the plates, and the plates were incubated under the conditions described previously by Alderton et al. (2) . Strains were considered susceptible if the zone of inhibition was 2 cm or more wide after 3 days of incubation. The antibiotics used were nalidixic acid (30 pg), cephalothin (30 pg), ampicillin (10 pg), gentamicin (10 pg), chlortetracycline (30 pg), and chloramphenicol (30 pg). (ii) Campylobacter hyoilei strains were inoculated onto blood agar plates (20 ml) containing 1, 5, 25, and 100 pg of antibiotic per ml. The plates were incubated under the conditions described previously (2) and were examined after 3 days of incubation. Strains were considered susceptible if they did not grow on plates containing 25 pg or less of antibiotic per ml. The antibiotics used in these experiments were kanamycin, kitasamycin, lincomycin, olaquindox, rifamycin, spectinomycin, tiamulin, and tylan. DNA isolation and purification. Genomic DNA was isolated and purified by a modification of the procedure of Maniatis et al. (14) , as described previously (11) .
DNA probe analysis. A DNA probe isolated from Campylobacter jejuni chromosomal DNA was used to examine Campylobacter jejuni strains, Campylobacter coli strains, RMIT 32AT, and isolates 1 through 11. Southern blot hybridization was performed by using a 32P-labeled probe and chromosomal DNA digests. The method used for probe isolation and the method used to investigate the bacteria used in this study have been described previously (11) .
Isolation and purification of rRNA. RNA was isolated and partially purified by a modification of the procedure of Pace et al. (191, as described previously (20) .
16s rRNA sequence analysis. The programs used for entry, editing, sequence alignment, secondary-structure comparison, similarity matrix generation, and phylogenetic tree construction were in Microsoft QuickBasic for use on IBM PC-AT and compatible computers. RNA sequences were entered and aligned as described previously (20) . Our sequence database contains approximately 400 sequences, including sequences determined in our laboratory, previously published sequences, and sequences available from the Ribosomal Database Project (18) . Similarity matrices were constructed from the aligned sequences by using only those sequence positions for which 90% of the strains had data. The similarity matrices were corrected for multiple base changes by the method of Jukes and Cantor (9) . Phylogenetic trees were constructed by using the neighborjoining method of Saitou and Nei (22) .
DNA-DNA hybridization. The procedure used for DNA-DNA hybridization experiments was a modification of the solid-support method described previously (10) . The quantities of DNA used in the hybridization experiments were determined by comparative luminescence under UV illumination, using the ethidium bromide plate method (23) , and agarose gel electrophoresis. The DNA was immobilized and treated on nylon filters (Hybond-N; Amersham) by using a dot blot apparatus (Schleicher & Schuell) according to the manufacturers' instructions. The probe DNA (RMIT 32AT DNA) was oligo labeled with 32P by using a Giga-prime oligo labeling kit (Promega) according to the manufacturer's instructions. Hybridization was carried out under high-stringency conditions at 65°C as described previously (11) . The levels of DNA relatedness were expressed as the relative percentages of DNA reassociation between DNA from Campylobacter hyoilei RMIT 32AT and genomic DNAs from the other organisms used in the study. The level of DNA hybridization was measured by determining the number of radioactive counts per minute with a scintillation counter (Beckman) and was calculated by defining the value obtained for reassociation between labeled RMIT 32AT DNA and unlabeled RMIT 32AT DNA as 100%.
Nucleotide sequence accession numbers. The nucleotide sequences of strain RMIT 32AT and reference strains are available from the EMBL, GenBank, and DDBJ databases. The accession numbers of these sequences are shown in Table 3 .
RESULTS AND DISCUSSION
Morphologic, ultrastructural, and growth characteristics. Campylobacter hyoilei RMIT 32AT and isolates 1 through 11 were comma-shaped, gram-negative, nonencapsulated, nonspore-forming, motile, urease-negative organisms that grew under microaerophilic conditions. When grown on Skirrow medium, the cells swarmed, had a pinkish appearance, and became coccoid as the cultures aged. Motility was due to bipolar flagella, as shown in Fig. 1 . All strains grew at 37"C, and all strains except isolate 6 grew at 42°C. All strains grew on Skirrow plates containing 1.0% glycine but did not grow on plates containing 3.5% NaC1.
G+C content. The G + C content of RMIT 32AT DNA was 35 2 1.5 mol%, a value consistent with the G + C content range for Campylobacter species.
Phenotypic characteristics. The phenotypic characteristics of RMIT 32AT, isolates 1 through 11, and Campylobacter spp. that have been associated with PPE are shown in Table 2 . We found that RMIT 32AT and isolates 1 through 11 are identical 
The phenotypic characteristics of RMIT 32AT and isolates 1 through 11 were determined in this study. in most phenotypic characteristics. The only exception is growth at 42°C; RMIT 32AT and isolate 3 grew poorly at 42"C, and isolate 6 did not grow at all at this temperature. These characteristics and the growth characteristics indicate that RMIT 32AT and isolates 1 through 11 are strains of the same species. The phenotypic data also indicated that RMIT 32AT and isolates 1 through 11 are more similar to Campylobacter coli (they can be differentiated only by their ability to produce H,S in triple sugar iron agar) than to Campylobacter hyointestinalis, Campylobacter jejuni, or Campylobacter mucosalis. The latter bacteria differed from RMIT 32AT and isolates 1 through 11 in the results of at least three of the phenotypic tests, with Campylobacter hyointestinalis being the least similar, differing in the results of three biochemical tests and both drug susceptibility tests. These data indicate that RMIT 32AT and isolates 1 through 11 are different from Campylobacter mucosa lis and Campy10 ba cter hy oin testina lis , organisms previously isolated from lesions in the small intestines of pigs with PPE. The growth and phenotypic characteristics of RMIT 32AT and isolates 1 through 11 are consistent with the definition of the genus Campylobacter (24) . DNA probe analysis. In Southern blots obtained by using the radiolabeled DNA probe and genomic DNAs from Campylobacter jejuni strains, Campylobacter coli strains, RMIT 32AT, and isolates 1 through 11 cleaved with CZaI, EcoRV, or BglII, RMIT 32AT and isolates 1 through 11 produced the same band pattern as Campylobacter culi. and the radiolabeled probe RMIT 32AT and Campylobacter coli produced the same band pattern. A similar DNA analysis performed with isolates 1 through 11 revealed that these organisms produced the same band profile as Campylobacter coli and RMIT 32AT.
The data described above suggested that Campylobacter coli, RMIT 32AT, and isolates 1 through 11 are closely related with respect to their genomic DNA.
16s rRNA sequence analysis. The levels of relatedness between Campylobacter hyoilei RMIT 32AT and selected Campylobacter, Arcobucter, and [Bucteroides] spp., as determined by a comparison of 16s rRNA sequences, are shown in a similarity matrix in Table 4 . Figure 3 is a phylogenetic tree which shows the relationships between RMIT 32AT and the bacteria included in the similarity matrix. Our data indicated that RMIT 32AT is closely related to Campylobacter jejuni CCUG 1 1284T, Campylobacter jejuni subsp. doylei CCUG 24567T, Campylobacter coli CCUG 1 1283T, Campylobacter lari 23947T, and urease-positive, thermophilic Campylobacter sp. strain CCUG 18267. The 16s rRNA sequence of RMIT 32AT was only four bases different from (or 99.7% similar to) the sequence of Campylobacterjejuni CCUG 1 1284T and five bases different from (or 99.6% similar to) the sequence of Campylobacter jejuni subsp. doylei CCUG 24567T. These high levels of phylogenetic relatedness between RMIT 32AT and the subspecies of Campylobacter jejuni suggested that RMIT 32AT might represent another subspecies of Campylobucter jejuni. However, it has been proposed that identification of a new species on the basis of 16s rRNA sequence comparison data may not be reliable when sequences differ by only a few bases k3). In order to determine the taxonomic status of RMIT 32A (i.e., subspecies or new species), DNA-DNA hybridization experiments were also uerformed, as described below. vided definitive evidence that Campylobacter hyoilei is a new Campylobacter species. Although other information suggested that the Campylobacter hyoilei strains were closely related to Campylobacter coli and Campylobacter jejuni, the data in Table  5 show that they are significantly different from these species and the other Campylobacter species examined and warrant 
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" These strains were typed by the Penner typing method, and their species assignments were confirmed by whole-chromosome DNA-DNA hybridization.
classification as a different species. In fact, the levels of DNA hybridization between the Campylobacter hyoilei strains and Campylobacter coli or Campylobacter jejuni are approximately the same as the levels of DNA hybridization between Campylobacter coli and Campylobacter jejuni. Our data indicate that RMIT 32AT is closely related to these organisms but is a member of a unique Campylobacter sp. The levels of DNA hybridization between RMIT 32AT and isolates 1 through 11 (more than 70%) confirmed that these strains are members of the same species. Description of Campylobacter hyoilei sp. nov. Campylobacter hyoilei (hy. 0. i1'e.i. Gr.n. hyos, a pig; L.n. ileum, the intestines; N.L. gen. n. hyoilei, from the intestines of pigs) is a gramnegative, comma-shaped, nonencapsulated, non-spore-forming bacterium. Most strains grow under microaerophilic or anaerobic conditions at 37 and 42°C; the only exception is isolate 6, which does not grow at 42°C. Cells are motile and possess bipolar flagella. Growth occurs in the presence of 1.0% glycine but not in the presence of 3.5% NaCl. Oxidase and catalase are produced, but urease is not produced. Nitrate and nitrite are reduced, and H,S is produced in triple sugar iron agar. Hippurate is not hydrolzed. Campylobacter hyoilei is susceptible to nalidixic acid, gentamicin, and olaquindox but is resistant to cephalothin, chlortetracycline, kitasamycin, spectinomycin, tiamulin, ampicillin, chloramphenicol, kanamycin, rifamycin, tylan, and lincomycin. Strains have been isolated from the terminal ilei of pigs with PPE. The type strain, RMIT 32A, has been deposited in the Culture Collection at the University of Goteborg as strain CCUG 33450. The G + C content of this strain is 35 2 1.5 mol%.
Phenotypic characteristics, 16s rRNA sequence analysis data, and DNA-DNA hybridization data indicate that RMIT 32AT and the 11 related isolates which we studied should be identified as strains of a novel species, Campylobacter hyoilei.
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